DNA repair is one of the central defense mechanisms against mutagenic exposures. Inherited SNPs of DNA repair genes may contribute to variations in DNA repair capacity and susceptibility to cancer. Due to the presence of these variants, inter-individual and ethnic diff erences in DNA repair capacity have been established in various populations. Saudi Arabia harbors enormous genetic and cultural diversity. In the present study we aimed to determine the genotype and allele frequencies of XRCC1 Arg399Gln (rs25487), XRCC3 Thr241Met (rs861539), XPD Lys751Gln (rs13181), and OGG1 Ser326Cys (rs1052133) gene polymorphisms in 386 healthy individuals residing in the central region of Saudi Arabia and compare them with HapMap and other populations. The genotype and allele frequencies of the four DNA repair gene loci in central Saudi population showed a distinctive pattern. Furthermore, comparison of polymorphisms in these genes with other populations also showed a unique pattern for the central Saudi population. To the best of our knowledge, this is the fi rst report that deals with these DNA repair gene polymorphisms among the central Saudi population.
INTRODUCTION
Genetic variation plays a critical role in most diseases, however gene-environment interactions may also be important in various ways, either by risk due to individual or population genotypes or by diff erential gene risk based on exposure (Iannuzzi et al., 2002; Gangwar et al., 2009) . Exposure of cells to physical and chemical agents, including ionizing radiation and other toxic chemicals, results in DNA damage, potentially causing loss of genetic integrity and elevated cancer risk. The integrity of the damaged DNA is typically restored by the action of certain DNA repair enzymes (Charames and Bapat, 2003; Vettriselvi et al., 2007) . Hence the integrity, preservation and stability of the human genome depend on the DNA repair mechanism, which is essential to cellular and physiological processes. Any harmful mutations in the DNA repair mechanism genes can lead to genomic instability, eventually causing cancer and ageing. Genetic polymorphisms in DNA repair genes may infl uence inter-individual variation in DNA repair capacity by altering the functional properties of DNA repair enzymes and thus modulate susceptibility to cancer (Lunn et al., 1999) .
The X-ray repair cross-complementing group 1 (XRCC1, 19q13.2) gene synthesizes a protein implicated in singlestrand break (SSB) repair including base excision repair (BER) of affected bases as a result of endogenous and exogenous oxidants (Skjelbred et al., 2006) . It interacts with human polynucleotide kinase enzyme as well as with DNA polymerase-b, poly (ADP-ribose) polymerase and DNA ligase IIIα (Pramanik et al., 2011) . Several mutations in XRCC1 have been reported to disrupt the protein function by altering binding sites or the catalytic domain of the protein (Caldecott, 2003) . The Arg399Gln polymorphism is an arginine to glutamine substitution at codon 399 of exon 10 (C > T, rs25487) and is located in the conserved residue of the poly (ADPribose) polymerase-binding domain of XRCC1 (Pramanik et al., 2011) . The association between XRCC1 and various types of cancers such as lung cancer (Ratnasinghe et al., 2001) , breast cancer (Moullan et al., 2003) and head and neck cancer (Sturgis et al., 1999) has previously been studied.
The X-ray repair cross-complementing group 3 (XRCC3) gene is a member of the RecA/Rad51-related protein complex responsible for the homologous recombinational repair (HRR) of double-strand DNA and is necessary for the stability of the genome (Cui et al., 1999; Griffi n et al., 2000; Brenneman et al., 2000) . The C>T transition is the most often occurring polymorphism in the XRCC3 gene at codon 241, causing an amino acid change (Thr to Met) (Pramanik et al., 2011) . Carriers of the Met allele showed a relatively high DNA adduct level in lymphocytes, which could be associated with reduced DNA repair capacity (Matullo et al., 2001a; Matullo et al., 2001b) . An association between the XRCC3 241Met allele and cancer has been observed in various studies, including investigations of bladder cancer (Matullo et al., 2001a) , breast cancer (Kuschel et al., 2002) , colorectal cancer (Krupa et al., 2011 ), lung cancer (Improta et al., 2008 and astrocytomas and glioblastomas (Custodio et al., 2012) .
The xeroderma pigmentosum complementation group D (XPD) gene encodes an ATP-dependent DNA helicase located 1.8 Mb downstream of XRCC1 on chromosome 19q13.3. XPD; it is a vital component of the Transcription Factor IIH that is involved in nucleotide excision repair (NER) of UV-induced damage and removal of bulky DNA adducts (Chen and Kadlubar, 2003) . The Lys751Gln (T > G, rs13181) polymorphism at codon 751 of exon 23 causes a non-synonymous substitution that changes lysine to glutamine. The Lys751Gln polymorphism in the XPD gene is critical; it alters the conformation of the respective amino acid in the important domain of the protein that plays a role in protein interaction (Benhamou and Sarasin, 2002) . The 751Gln variant has been implicated in several casecontrol association studies, i.e. esophageal cancer (Yuan et al., 2011) , lung cancer (Zhan et al., 2010) , breast cancer (Samson et al., 2011) , and melanoma patients (Kertat et al., 2008) .
Human 8-oxoguanine glycosylase 1 (hOGG1) is synthesized by the 8-oxoguanine DNA glycosylase (OGG1) gene, which is located at chromosome 3p26.2, a region that often shows loss of heterozygosity in several human cancers (Kohno et al., 2006; Shinmura and Yokota, 2001) . The OGG1 gene is involved in the repair of 8-oxoguanine (8-oxoG), a highly mutagenic guanine base lesion formed due to the action of reactive oxygen species (ROS) on DNA. The OGG1 gene belongs to the base excision repair pathway and has a DNA glycosylase/AP-lyase activity, catalyzing the excision of 8-oxoG. Several polymorphisms in the OGG1 gene have previously been reported; however, most of the studies have focused on the Ser326Cys polymorphism causing a substitution of serine to cysteine at codon 326 of exon 7 (C > G, rs1052133). The OGG1 326Cys allele is associated with a higher risk of developing many diff erent types of cancers, including lung (Kohno et al., 2006) and orolaryngeal cancers (Elahi et al., 2002) .
In Saudi Arabia many tribes have settled in diff erent regions for decades; these tribes can be identifi ed by family names. The families were grouped according to the province of their origin (El-Hazmi et al., 1995) . Most of these tribes have social and traditional restrictions (El-Hazmi et al., 1995) . We collected the samples from the families which reside only in central region.
The present study was performed to investigate the allele and genotype frequencies of four non-synonymous SNPs, rs25487 (XRCC1), rs861539 (XRCC3), rs13181 (XPD), and rs1052133 (OGG1) in the central region population of Saudi Arabia and compare them with HapMap and other populations.
MATERIAL AND METHODS

Study population
The study involved a total of 386 subjects (194 males and 192 females) with ages ranging from 25-70 years from central region of Saudi Arabia. Unrelated healthy subjects from the general population belonging to the same geographical region with similar ethnicity were used for this study. The King Khalid University Hospital ethical committee approved the study and informed consent was obtained from the participating volunteers.
DNA extraction
Approximately 3 ml of blood were collected in sterile tubes containing ethylenediaminetetracetic acid (EDTA) from all subjects enrolled in the study. Genomic DNA was isolated from blood samples using the QIAmp kit (QIAmp DNA blood Mini Kit, Qiagen, Valencia, CA) following the manufacturer's instructions. After extraction and purifi cation, the DNA was quantifi ed on a NanoDrop 8000 to determine the concentration, and its purity was examined using standard A260/A280 and A260/A230 ratios (NanoDrop 8000) (Sambrook et al., 1989) .
Genotyping
SNPs in four DNA repair genes XRCC1 (Arg399Gln, rs25487), XRCC3 (Thr241Met, rs861539), XPD (Lys751Gln, rs13181), and OGG1 (Ser326Cys, rs1052133) were genotyped using TaqMan allelic discrimination assay (Livak, 1999) . For each sample, 5 ng DNA per reaction was used with 2.5 μL of 2X Universal Master Mix and 200 nM primers (Applied Biosystems, Foster City, CA, USA). All genotypes were determined by endpoint reading on an ABI 7500 (Applied Biosystems, Foster City, CA, USA). Primers and probe mix were purchased directly through the assays-on-demand service of Applied Biosystems. Five percent of the samples were randomly selected and subjected to repeat analysis as a quality control measure for verifi cation of genotyping procedures.
Statistical analysis
A Chi square (χ2) test was used to compare the observed genotype distributions of the XRCC1, XRCC3, XPD and OGG1 polymorphisms with their expected values. The allele and genotype frequencies of polymorphisms in the central region population of Saudi Arabia (CRS) were compared with some of the populations of the HapMap database (www.hapmap. org), for example, Utah residents with northern and western European ancestry from the CEPH collection (CEU), Han Chinese in Beijing, China (CHB), Yoruba in Ibadan, Nigeria (YRI), Maasai in Kinyawa, Kenya (MKK), and Japanese in Tokyo, Japan (JPT) and some other populations selected from the literature e.g., eastern population of Saudi Arabia (Jeddah) (Harithy and Ghazzawi, 2011) , and eastern population of India (EInd) (eastern Indian ethnicity from Calcutta, West Bengal state) (Majumder et al., 2005; Majumder et al., 2007) . Pair-wise Chi square (χ 2 ) tests were performed between the central region population of Saudi Arabia (CRS) and other populations using the allele frequencies in a 2 × 2 contingency table to study if the central region of Saudi population (CRS) shows signifi cant diff erences compared to other populations. Additionally, Bonferroni's correction was applied for multiple comparisons of the populations.
RESULTS
The allele and genotype frequencies of rs25487 (Arg399Gln, XRCC1), rs861539 (Thr241Met, XRCC3 gene), rs13181 (Lys751Gln, XPD gene), and rs1052133 (Ser326Cys, OGG1gene) polymorphisms in the CRS population are shown in Table  I . The observed genotype frequencies did not show any signifi cant departure from Hardy-Weinberg expectations for all four polymorphic loci that were observed in this study.
Allele and genotype frequencies of XRCC1 Arginine399Glutamine (C > T)
The observed Arg/Arg, Arg/Gln and Gln/Gln genotype frequencies were 0.528, 0.37 and 0.10, respectively (Table II) . The Arg (wild-type) and Gln (variant) allele frequencies were 0.71 and 0.29, respectively. The variant Gln (variant) allele frequency varied from 0.11 among YRI to 0.37 among CEU. Of all the HapMap populations including CEU, CHB, MKK, YRI and JPT including other EInd and Jeddha populations selected for this study, only YRI, MKK and CEU were found to be signifi cantly diff erent from the CRS population using the Chisquare (χ2) test (Table II) . 
Allele and genotype frequencies of XRCC3 Threonine241Methionine (G>A)
The observed Thr/Thr, Thr/Met and Met/Met genotype frequencies were 0.42, 0.42 and 0.16, respectively (Table III) , whereas the Thr (wild-type) and Met (variant) allele frequencies were 0.79 and 0.21, respectively. The variant allele frequency varied from 0.07 (CHB) to 0.43 (CEU). The CRS and CHB, JPT, EInd, YRI and MKK populations diff ered signifi cantly based on pair-wise Chi-square (χ2) tests (Table III) .
Allele and genotype frequencies of XPD Lysine751Glutamine (T > G)
The observed Lys/Lys, Lys/Gln and Gln/Gln genotype frequencies were 0.38, 0.44 and 0.18, respectively (Table IV) . The Lys (wild-type) allele frequency was 0.60, while the Gln (variant) allele frequency was 0.40. The variant allele frequency varied from 0.076 in JPT to 0.33 in CEU. All the populations diff ered signifi cantly from the CRS population (Table IV) .
Allele and genotype frequencies of OGG1 Ser326Cys (C > G)
The observed Ser/Ser, Ser/Cys and Cys/Cys genotype frequencies were 0.464, 0.404 and 0.132, respectively (Table V) . The serine (wild-type) and cysteine (variant) allele frequencies were 0.666 and 0.334, respectively. The variant allele frequency varied from 0.144 (YRI) to 0.523 (JPT). There were no allele and genotype frequency data available for the MKK population in the HapMap and EInd among the Indian populations (Table  V) . Except for CEU, all the other populations were found to be signifi cantly diff erent from the CRS population (Table V) .
DISCUSSION
The aim of this study was to investigate the polymorphisms in healthy Saudi individuals for the four DNA repair genes XRCC1, XRCC3, XPD and OGG1 and to compare their frequencies with other populations. Polymorphisms in genes that are involved in carcinogen metabolism and DNA repair mechanism have been reported to be a source of inter-individual variability in human response to carcinogens. Although several studies have been carried out that deal with the heritable polymorphisms among genes responsible for carcinogen metabolism in recent years, very few reports have been published in relation to DNA repair capacity and development of cancer in diff erent populations (Friedberg et al., 1995; Vettriselvi et al., 2007; Pramanik et al., 2011) . Individuals generally diff er widely in their capacity to repair damaged DNA as a result of external agents such as exposure to sunlight and tobacco smoke, as well as endogenous oxidation reactions. Hence the present study was performed to determine the genotype distribution of DNA repair genes XRCC1, XRCC3, OGG1 and XPD among the ethnic population living in the central region of Saudi Arabia. The is the fi rst report that deals with the frequency distribution of DNA repair genes XRCC1, XRCC3, OGG1 and XPD in the central region population of Arabian Peninsula.
In the present study XRCC1 Arg399Gln genotype frequencies showed a significant deviation in the CRS compared to the CEU, MKK and YRI populations (Table  II) . However, similarities were found in the CRS and the CHB, JPT, EInd and Jeddah populations. Jeddah population genotyping data was available only for XRCC1 and no signifi cant diff erence was observed between the Riyadh and Jeddah populations. This could be due to the fact that the samples drawn from populations from these two regions were composed of individuals who were randomly selected and did not represent any particular ethnic group. Apart from the XRCC1 locus, allele frequencies and genotype distributions of the SNPs in the XRCC3, XPD and OGG1 loci varied signifi cantly between diff erent populations. Populations CHB, JPT and YRI were signifi cantly diff erent from CRS for the XRCC3, XPD and OGG1 loci, whereas the CRS population diff ered signifi cantly from YRI for all the DNA repair gene loci. Similarly, the MKK population diff ered signifi cantly from the CRS for all the DNA repair gene loci except for OGG1, for which HapMap data were not available. The CEU population did not show a signifi cant diff erence with the CRS population for XRCC3 and OGG1 loci.
The frequency of the variant allele of XRCC1codon 399 observed in the present study (0.29) was very similar to earlier reports from the Jeddah (0.28), CHB (0.25) and JPT (0.27) populations. The XRCC1 399 polymorphism has been reported to be associated with head and neck cancer risk (Alsbeih et al., 2008) in the Saudi population; by contrast Harithy and Ghazzawi, (2011) reported that this loci conferred protection in Saudi colon cancer patients. This may be due to an association with other SNPs. XRCC1 is also reported to be associated with diff erent cancers in the Chinese population, for example, hepatocellular carcinoma and esophageal cancer (Zhang et al., 2013) . These reports show a similar trend in cancer risk to XRCC1 399 polymorphisms in Saudi, Chinese and Japanese populations. In contrast, the European population did not show an association with XRCC1 399 polymorphism in lung cancer patients (Lopez-Cima et al., 2007) or in bladder patients (Kelsey et al., 2004) . Perhaps the XRCC1 399 variant allele (frequency 0.37) is conferring protection for lung and bladder cancer in the European population. Up to now there are no reports in the MKK and YRI populations on XRCC1, XRCC3, XPD and OGG1 gene polymorphisms associated with cancer and other diseases. The frequency of the variant allele of the XRCC3 codon 241 was less than 21% in all the tested populations except for the CEU (0.43) and Saudi populations (0.37). The XRCC3 Thr241Met and XPD Lys751Gln polymorphisms showed significant association with breast cancer risk in European, Chinese, Japanese, and Indian populations. The European population did not show an association with XRCC3 Thr241Met and XPD Lys751Gln polymorphism in lung cancer patients (Lopez-Cima et al., 2007) or bladder cancer patients Andrew et al. (2006) . Xue et al., (2012) reported that XPD 241Met was more highly associated with gastric cancer in the Asian population than in the European population. In XPD 751 variant allele polymorphisms varied between populations. Only the CEU (0.33) population showed similarity to the Saudi population (0.4) ( Table 4 ). OGG1 variant frequencies are higher in Chinese (0.5) and Japanese (0.523) populations and all the populations compared were signifi cantly diff erent from the Saudi population. OGG1 Ser326Cys has been reported to be associated with lung cancer risk in Chinese, Japanese, African and European populations . XRCC3, XPD and OGG1 polymorphism associations with diseases are yet to be studied in Saudi populations.
Establishing the baseline frequency of the various DNA repair alleles within a population may help to fi nd out ethnicbased risk against environmental insults and susceptibility to carcinogenesis. In addition to their role in cancer risk, DNA repair polymorphisms may also infl uence a response to survival and/or treatment. Therefore, the polymorphisms in the genes involved in the DNA repair mechanism may play a role in pharmacogenetics by altering the repair capability as a result of cytotoxic or radiation therapy. Further studies on the phenotypic eff ects of these polymorphisms in random individuals of distinct ethnic origin based on life styles and environmental exposures will generate a clear picture, not only of the functional eff ects of the various genotypes, but also about the gene X environment interactions.
In conclusion, our study may provide a preliminary basis for cancer risk assessments that are associated with polymorphisms among these DNA repair genes by performing genetic epidemiological studies in the central region population of Saudi Arabia. Furthermore, our results indicate a distinct molecular profi le of polymorphisms for the DNA repair genes XRCC1, XRCC3, OGG1 and XPD loci for CRS compared to other populations.
